Plasma confinement by permanent magnets has been studied. An analytic formula for the field of a single bar magnet has been obtained.
In the present paper, we would like to discuss briefly first how thf.
confinement of plasma can be described by the vector potential arguments through the conservation principles, then proceed to find the magnetic fields and vector potential profiles for various bucket designs. A sample calculation is also included.
Vector Potential and Plasma Confinement
For the case that the magnetic field can be described by a vector + A potential along one fixed direction, say A = A e only, the canonical momentum along e is always conserved, i.e., P = m v + q A = const.
Where m is the mass, q charge, v , the z-component of the velocity of the charged particle. In the present study, we will focus only on the magnetic field and vector potential formulation.
III. Magnetic Field for an Infinite Current Source
In M.K.S. unit, the magnetic field intensity B is related to the applying field H by
B = pit (6J
where u is the permeability. In vacuum, u = p .
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Field H is related to the current density j by Maxwell's equation
Vxif=i.
For an infinite long current source, we can integrate (7) Since z = izie , we finally obtain
Equation (12) is a simple expression for the field generated by a current source.
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IV. Magnetic Field of a Bar Magnet
If the current density j in equation (7) 
+ x
Therefore, although eq. (17) is easier to handle, all the singular current sheets should be considered consistently so that they will not be treated on different Riemann surfaces.
Vii. Alternating Magnets Arrangements of A Bucket
Typ-r:a1 arrangements of magnets in the neutral beam ion source experiment at LBL can be described as follows. where plasma may escape easily. When A = 1G , the cone extends an angle of ±0.5°, while vihen A = ID -2 , it's ±2°, and when A = 1C , the loss cone has an angle of +5° at the magnet.
g) Note that in all the confinement assessments made above, the plasma is assumed collisionless. Otherwise the estimates of the "loss cones", for esaiople, need to be reconsidered, because plasma particles which are perpendicular to the magnetic field lines originally may very well become parallel to them after one collision. Such calculations are to be discussed in later papers. We thus have here a first order evaluation of the plasma confinement by permanent msgnets.
